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By John R . Dawson and Kenneth Lo Uadlin 

The results From tank 3Rnrllng and take-off t e s t s  with a dynmlc 
rrodel of a hypothetical  Jet-propelled airplane equipped with W A  hydro- 
skis a m  presented. These resul ts  ehm etable  take-off8 and landing8 
f o r  the model, although the reeietance l e  found to be hfgh. The high 
resistance, which iB not canaidered neceesarKLy Werent ,  appears to be 
acceptable for alrplanerr equipped with r o c b t   m t o r s .  Consideration of 
several problame Fncidaatal to  practical  applicatiune of' hydro-skis lea& 
to  the  cancluaim that solutions for these probleans can be obtained. It 
i 8  cancluded that hydro-ekle suitable for flash retractian into streamline 
fuselages  offer a practicable means for taking off and lan- high-epeed 
airplanes on the water. 

Jet  propulsian  offers an opportunity for el-ting the troublescrae 
propeller f r c e n  water-based -lanes and, thus, erneLbles radical change8 
t o  be made in high-speed  eeaplanea. Ip =der to take advantage of the 
opportunities thus opened fm the seaplane, the Langley Mamrial Aero- 
nautical Labaratmy of the National Advisory C a u r d t t e e  far  Aeraaautice 
has embarked on a hydrodynamfc research program designed t o  explore these 
potentiali t ies by several new appr~~chea.  The r e e d t s  of teete =de t o  
investigate one approach vhich shows marked poesibil i t ies are covered in 
this paper. 

The approach ie based on the idea of wing retractable planing 
surfaces below the ma- body of the airplane. These planing  surfaces, 
called hydro-skis, allow  the high-meed part of the take-off and landing 
run t o  be made an simple surfaces of relatively mall area and, thua,  the 
lnah body of the airplane muld not be subject t o  high water loab. The 
m e t  cmveniently retractable ty-pe of hydro-aki would have a bottom of 
such Shape that r i 3 t r t % C t e d  it mdLb fOrm a Cantinuation of the B u r -  
roundhg  surface of the airplane. Such a convenience is of special 
intereet in the d e e i ~  of high-speed aircraft, became of the difficulty 



Landing t es te  were made with a ntpnber of hydro-eH configuratloruep 
the effect of changing the lcq$tudhal positicm of each being lnveeti- 
gated to eane erbmt. The f l r e t   t e s t e  were made with s5nQle f la t  phning 

' the land€ng chamcterietlcs -re made. Eydro-ekie with  the improved plan 
form, but curved in crose eectian  to permit flush retraction in the 
f'ueelage, were then tested. When an ar?.angament wlth curved hydro-ekis 
had b e e n '  found that would give satiefactory LanBlng characteristics, 
take-off tests were made with this Canfigu-r&tian. In order to improve 
take-off characteristica, it ua8 found neceeeary t o  double the or ig ina l  
area of  the hydro-skis. Subsequently, the landing characteristic6 of 
t h e  h7dro-skis with increaeed area -re determkmd. The reeulta of the 
take-off and ~ n g  tes ta  of this- configuration  (figs. 1 and 2) are 
those  presented. 

8 U r f a C 0 8  Of Z'8C- P b I l  fCVlb Then, than-8 p k l  forpl t o  *Ow 

me   an ding tes te  m e  made at a wei&t of WO pounds (fuU aite) 
corresponding to a land5ng wlth most of the fuel eqended. The take-off 
t e s t e  -re made with a gross wei&t of l3,lh-O pound8 

The landing teat8 were made by Landing- the mbdel &e a free body 
*can t h e  Langley tank no. 2 monorail catapult. Landings with the f Zap8 
darn 200 were made a t  trims of 80 and 120 w i t h  reapect t o  the lo@- 
tudinal axis of the model.. A t  @ t r im t h e  landing speed correapanded 
t o  121 miles per hour ( ful l  site) and a t  12' trim t o  123 miles  per hour. 
Ihtion pictures and v i e d  obeervatlam vre-.zpade of the landing teste. 
The length of landing waa observed and meaemermgnts of. long3tuIinal 
and n d  accelerations wwre made with an acceleraneter developed far 
model ditching tests. This  accelerameter was placed 9 feet  ( f U l  s ize)  
forwerd of the  center of gravity a t  a point correepondjmg t o  a location 
euitable far the  pi lot  ' 8  cockpit The acceleranstar wa8 a single- 
ccmrponent type and, in order t o  measure two caqpanenb, it Wa8 necessary 
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t o  repeat landings with the acceleromster  rotated. =thou& the 
accelerometer  recorded  a tfme hietcrry, its ming tims m e  not  aufficimt 
t o  cover the complete landhg runa; thus, a tlme hietory of the accelera- 
tions was determined only  f o r  the fir& part of t h e  Landing~l. (The 
marimum values after the accelercrmeter had etopped were, however, recorded.) 

The setup for t h e  take-off tes te  ie & o w  i n  figure 3, wfifch showa 
the model floating a t  talpe-off load. In  these tes ts ,  the model WE towed 
f r o a n  i t 8  canter of gravtty about which it wae free t o  trim. It m e  a160 
f ree  t o  rise. All conbola were f ked and no external damping was 
applied.  Reaistance, trim, and riae of t h e  center of p v i t y  were 
meaeured during constant-speed runsm The r ee i~ tence  included the  air 
drag of the ccmrplete model. Teste were =de with fla a at Oo and 
deflected down 20°. The elevator was deflected up 30 , because the 
controls could not be varied during  the  teat rms end this position of 
the  elevator gave practical t r i m s  near take-off speed. Som accelerated 
rune from rest to talce-ofl were made for additional  observations of 
behavior. 

8 

Sequence photographs of a typical landing (u'e shown In figure 4 
After touching the water, the model nnlntained a very Straight corn88 
and planed on the hydro-skis tart51 near the end of the rtm when It 
trinmed up gradually unt3l the rear pecrt of the fuselage touched the 
water. A t  about 25 miles per how (full size) the slde sulmerged 
leaving the model mppmted by t h e  buoyancy of the fueelage and wingem 
In sane  landing^ the m o d e l  made Q slight bounce at  the f i r& cmt&ct 
but  there u8.8 never mare than one such bounce and there wae no violent 
behavim aesociated with it. When the model w&8 inadvertently landed 
on one ski, it would r igh t   i t se l f  and contlnue on a s tmight  course 
down the tank, seldom deviating more than 10 fee t  Frcm courm in landing 
runs exceeding 2400 feet  (full s ize)  A few landlngf~ lpab i n  amall Uaves 
(up t o  2 feet  high, full size)  ahowed no great change in  lendfng behavior 
*om t h e  enaooth-water l a m t h g ~  

Typical records of noma1  accelerations f o r  the first pert  of the 
landing runs are  ehown i n  figure 5. In calm water the maxLhum normal 
acceleration was 2.0~ and t a w 8  1.5 feet high bid not cause an Increase 
in t h i s  value. These emall waves introduced a succession of -11 peak 
accelerations that were coneiderably lower than the ~pax lmum acceleration 
encountered on the initial irmpact. Although not show, the maximum vallvs 
of normal acceleration that occurred dlrring t h e  part of the mzn in h i c h  
the hydro-ekis submerged wa.6 about 0.36. 
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The longitudinal decelerations were eo m n l l  that the-accelerceneter 
did not give an adequate time history of them. Marimurn longltuillnal 
decelerations -re about 0.5g in  both calm and sli&tly rough wter. 
Average longitudinal decelaratione c q u t e d  frcpn +dm length8 of land- 
rune m e  about 0 .2!jg. Waves 1.5 feet  high (full size) caused about 
9-percent bcreaee in the average longit- ~IeceleratIona. 

Landinge at the 8O anb l 2 O  at t i tudes wewe very similar. The 
principal change in  landing behavior VBB a decrease in t.he length of 
landing run due t o   t he  decrease in landing speed. accapmying the increaee 
in trim *can 80 to EO. H - v ~ ,  the decelerctticms =re   appror t te - ly  
the 8&ab8 far both trims. 

Cmelderably rnnaller hydro-ekls thm thoee shown gave satisfactory 
larrdinge, although their take-off characterietice were poor. Hydro-ekis 
of one-half the area of those ahown p v e  relatively mth Landings with 
only allght Fncreaees In acceleratiane. They 8dmmr-d at a eped 
approximately 5 milee per hour hiaer than the large ones. 

Hydro-ekL~ of rectaagular plan form raeulted in lmdlrqp leea -0th 
than tho- given by the hydro-ekia 8hovn. It muld be expected that the 
pointed trailing edge would tend t o  1-r the normal accelera.tian.6 but 
i n  a limited nurmber of me&aurements no eubstantial decrease in naxfnnm 
nOrmal acceleration WE obtained. 

The hydro-ekis shown In figure 1 =re se t  80 that the midradii of 
the skis are verticel. When the  hydro-skie =re rotated about a l a n e -  
tudinal a d s  EO that the midradii intereect on the  axis of the fuelage, 
it was found that the landlnga became unstable in ro l l .  

Take-Off Teeta 

Sequence photographs of the model txdclng off are shown in figure 60 
Plots of resistance, trim, and r i s e  against epeed are shown in figure 7. 
At law speeds the model ran mcfi as a displacenent b e  with only slight 
variation in trim and rl8e. A t  a f”ull-acale a p e d  of about 4.0 milee per 



hour, the model increased t r i m  8nd rose abruptu as the ekis emerged fran 
the  mter. Fram t h i s  meed t o  --off the -1 planed on t he  hydro-skis. 
The speed at which the hydro-slds emerged is indicated i n  figure 7. Once 
t h e  Pidro-slds had merged, it wee poes ible  to reduce Bpeed substantially 
before they rembmergeb. When the hydro-slde merged, u high trim m e  
obtained  largely became the flow of the mtar over the curved rear of 
the  fuselage sucked the tail dQM. With the  high trime lllaintained by 
t h i s  auction, the hydro-akls pFovltled sufficient l i f t  to support the 
d e l  at  a epeed eubstantially. lower than the wed of emergence and 
thus  the  hystereaie In the  ctxr~es of figure 7 w e  obtained. Such 
hyeteresis tends t o  fnmre that hydro-ekte will continue to plane once 
they have emerged. 

Below the weds at which the hydro-skis emerged, it was not  practi- 
cable to operate the mods1 wlth the f l a p s  doun because of the hydrodynamic 
d f v i n g  moansnt that they produced. When the hydro-8kia were planing, 
there was l i t t l e  difference between the curve8 for flapa up anb f laps 
down, except verg near take-off *ere the  reduction In take-off speed 
ceused by lowering the f laps showed t o  abmntage. Far minimum take-off 
time and distance, it wuld be desirable t o  lower the flaps a t  sane 
convenient tims e&ter the hydro-~ki~ emerge. 

The m%ximum resietancs  eham in figure 7 is quite high compared 
wlth the resistance af caaventiansl eeeplans float80 There is no reason 
t o  as sum^ that the hydro-eld cmfiguraticm tested for take-off approaches 
an arrangement that uould glve optimum resistance. Hence, it is probable 
that hydro-ski canfigmatiam having substantially lower resistance can 
be found by suitable invest is t ian.  It should be noted that the  res i s t -  
ance c m e s  in figure 7 inclule the air drag of the ccanplerte model. 

BO porpoieing was encountered in any of the t e s t  rua8 or in the 
accelerated runs that were made. No instabIUtie6 of any sor t  =re 
observed with t h e  elevator  deflectian used. 

Up t o  the speed at  a i c h  the bydro-skfe emerged, the wlng served as 
a hydrodynamic cauponent. At res t  the wfng t i p s  were slightly eubmerged 
(fig. 3) and a t  35 milee per hour (Full s ize)  the wJnge planed on the 
water (fig. 6) . 

A t  about 30 miles per hour (full size) heavy spray tended t o  come 
near the proposed turbojet intake lacatianrr ahom In figure 1. Small 

($-inch aquare stripe placed along the e t r e a m l l k  near the 
no88 were effective in reduclng the spray that came near the Jet intakes. 
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It would be derrirable t o  obtain coslfigur&tiuns 115th lees resistance 
than the one preerented and fuactherr research toward t h i s  end a h o U  be of 
value. One obvious approach towarde reducing reelstance would be t o  
provide caniber on the upper surface of the hydro-SXSO IVeverthelees, 
when ccmeiderlng the w e  of hydro-skis on an airplam provided kith 8 

liquidpropelled rocket, a hi&  resistance may i n  many casee be tolerated 
wlthout penalty to the patfomance in the uir. Any Are1 used for take- 
off w i l l  not be a part of the f m n g  wi&t and, -afar a8 flight load 
factors are concerned, it should not be InclMeil in the gross weight. 
O f  couree, extra tazilr apace far the  take-off fuel would be required but, 
if  th ie  imposes any considerable additional weiat or volume, it could 
be made Jettieonable. 

The propem locatian of Jet In takes  on watar-baed alrplanee l e  a 
eubJect of prime interest in caraeidering appllcatians of hydro-ekle. It 
ehanld be poeeible t o  obtain locatlone acceptable for both take-off and 
f l igh t  in most c&BeB. However ,  for 8- applicatiaw, it m y  be advan- 
tageoue t o  provide alternate intake8 far t&ke-off This should be 
relatively simple becauee at ape- below take-off the amollnt of ram is 
BO ensall that it need not be oanei&ered i n .  LoatktIng the tab-of f  intake; thue, air can be taken fram any convenient area not 8ubJect t o  excessive 
epraY 

In the hypothetical -lane of the preeent teete  the  rocket eIhaust 
ie placed below the- turbo3et exhaust, which l e  located above the water 
line at r e e t a  (see reference 1.) ~n such an t n w t t o n  it would 
probably be advisable to provide for cloeing of the turbojet e x b w t  
opening &en the amleuae i e  at rest in aadsr to prevent water fram 
waahlng into the opening. R o c k e t  mturs have been succeesfully exhaueted 
under water in eqmrimental take-affs of a flytng boat eo that thie part; 
of the exhu8t  amang9mn-t ahould wuse no ixxwmountable difficulties. 

The practicabtllty of usin& the wlng as a hydrodynamic ccrmpoglent must; 
depend on the tspe of wlng coxmtruction and the mxhnn speed at which 
the win@; is allowed t o  plane on the ~jater. The wing can probably be made 
to   c lear   the  water at  a loner epeed than that ahm In t h e  teste. 
Eowever, because of' the necealsity for increaeing the e-trength of air- 
plane wings ae amlane  speeds are increased and because the wing muld 
not be d i r e c t l y  subject t o  Landing Impact loader, ita use 88 a hydro- - 
dynamic campanent t o  the extent  indicated by the  present t e a t s  look8 
f eeeible 
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A number of hydro-skl canfigurations  appear  to be of interest. 
Considering t h e  variation in the under aurfaces of a;.trplane fuselages 
and wings, there is caneiderable variation in the type of' surface  that 
can be fluah retracted. Triple-sld QT quadruple-ski arrangements may 
prove to  be useful. If lateral at;abiUty can be maintained at epeede 
above the hydro-ski emergence epeed., a single hydro-ski m y  be practi- 
cable 

Where  the trhnoet in flying perfcmmnce I s  desired, a part of the 
hydro-ski8 could be  jettisaned a f t e r  te.ke-off elnce t h e  landing could 
be made with hydro-skLa of smaller EiZe than take-off requires. This 
vocedure dght be justified to wovide for special werloada or take- 
offs in of limited lemgths. 

The data given in t h i s  paper show that  retractable planing eurfacea 
(hydro-slda)  placed  below a aynamic model of a tranatxxtc amlane enable 
the  model to take-off and Land stably an the tlatar. The high water 
resistance  obtaining during take-off, althougb not neceeearilg  inherent 
in hydro-skls, appears to be  acceptable for jet-propelled  aircraft 
through the use of auzillarg fuel tanke. Ftacther research ahmd at 
reducing  this  resistance, neverthelese, I s  ~mx~anted. Caneideratian  of 
other problems incidental to practical  applications of hgdro-eld~ leads 
to the  conclusion  that eolutiona for t h e m  problema can be  obtained. 
Thw, it  appears  that hydro-ekie su i tab le  for flueh retraotion  into 
streamline  fuselages offer  a practicable means far taking off and Landing 
high-epeed airplane8 on $he water. 

Langley Mamarial  Aeronautical Laboratory 
National Advisory Conrmfttee for Aercmautius 

Langley  Field, Va. 
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Figure 2.- Photograph of model fitted with NACA hydro-skis. 
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Figure 3.- Take-off test setup showing model floating at take-off weight. 
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Figire 5.- Normal accelerations in calm and rough water. 
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Figure 7.- Resistance, trim, and rise. 




